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A 3D measurement system and method therefor having
improved precision can be provided by projecting a pattern
using a grid pattern or a chessboard grid pattern and perform-
ing interpolation based on a method for measuring difter-
ences in illuminance. A 3D measurement system includes a
coordinate value calculation unit for calculating 3D coordi-
nate values from pattern image information captured using a
predetermined pattern, and a depth value calculation unit for
calculating a depth value at a first position from N pieces of
illuminance image information captured using lighting
devices installed at N different locations.
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Fig. 3A
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Fig. 3B
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Fig. 5
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Fig. 7
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1
THREE-DIMENSIONAL MEASUREMENT
SYSTEM AND METHOD THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in general, to a three-dimen-
sional (3D) measurement system and method therefor and,
more particularly, to a 3D measurement system and method,
which use images captured by projecting a predetermined
pattern onto a target object and image information obtained
from a plurality of lighting devices.

2. Description of the Prior Art

The exact measurement of three-dimensional (3D) coordi-
nates of a target object in a non-contact manner has been
urgently required in all fields needing 3D data and, for this,
stereo matching, pattern projection, etc. have been chiefly
proposed.

Stereo matching is a method for calculating 3D coordinates
using differences between the phases of corresponding points
from images of a target object captured by two cameras
having different views, and searching for the corresponding
points between images is the key to this method. Further,
stereo matching using two cameras enables measurement
even for a moving image in which a target object is moving,
and also enables measurement even if the surface of a target
object is continuous, or includes a hidden face. However, a
problem arises in that the results of searching for the corre-
sponding points between images captured by two cameras are
notreliable, and especially in a case where a target object does
nothave a characteristic pattern, material or design, matching
points cannot be found.

Pattern projection is a method for measuring the distortion
of a predetermined pattern by projecting the predetermined
pattern onto a target object. Such a pattern projection method
exhibits highly-reliable results, but intervals between lines
determine the precision of measurement, so that precision is
deteriorated, and reliable results cannot be exhibited in the
case of a discontinuous surface.

SUMMARY OF THE INVENTION

The present invention has been made keeping in mind the
above technical problems, and an object of the present inven-
tion is to provide a 3D measurement system and method,
which project a pattern using a grid pattern or a chessboard
grid pattern, and perform interpolation using a method for
measuring differences in illuminance, thus further improving
precision.

A three-dimensional (3D) measurement system according
to a preferred embodiment of the present invention includes a
coordinate value calculation unit for calculating 3D coordi-
nate values from pattern image information captured using a
predetermined pattern; and a depth value calculation unit for
calculating a depth value at a first position from N pieces of
illuminance image information captured using lighting
devices installed at N different locations.

In detail, the predetermined pattern may be either a grid
pattern composed of lines or a chessboard grid pattern in
which internal grid cells of a grid are alternately filled. Fur-
ther, the coordinate value calculation unit may include a line
extraction unit for extracting border lines of a grid cell form-
ing the predetermined pattern; and a first operational unit for
calculating a depth value of the border lines from distortion of
the border lines.

Preferably, the depth value calculation unit may include a
second operational unit for calculating preliminary depth val-
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2

ues at the first position within a single grid cell included in the
predetermined pattern by calculating and integrating surface
gradients to the first position using differences between illu-
minance values of the N pieces of illuminance image infor-
mation, with respect to M respective base points. Further, the
depth value calculation unit may further include a third opera-
tional unit for calculating a final depth value at the first posi-
tion by averaging the M preliminary depth values at the first
position calculated by the second operational unit. The M
base points may be arbitrary points forming border lines of
the single grid cell included in the predetermined pattern. The
M base points may be vertices of the single grid cell included
in the predetermined pattern.

A three-dimensional (3D) measurement method according
to a preferred embodiment of the present invention includes
calculating 3D coordinate values from pattern image infor-
mation captured using a predetermined pattern; and calculat-
ing a depth value at a first position from N pieces of illumi-
nance image information captured using lighting devices
installed at N different locations. Preferably, the predeter-
mined pattern may be either a grid pattern composed of lines
or a chessboard grid pattern in which internal grid cells of a
grid are alternately filled.

Calculating the coordinate values may include extracting
border lines of a grid cell forming the predetermined pattern;
and calculating a depth value of the border lines from distor-
tion of the border lines. Further, calculating the depth value
may include calculating preliminary depth values by calcu-
lating and integrating surface gradients to the first position
within a single grid cell included in the predetermined pattern
using differences between illuminance values ofthe N pieces
of illuminance image information, with respect to M respec-
tive base points.

Preferably, calculating the depth value may further include
calculating a final depth value at the first position by averag-
ing the M preliminary depth values.

In accordance with the 3D measurement system and
method therefor according to the preferred embodiments of
the present invention, a 3D measurement system and method
therefor having improved precision can be provided by pro-
jecting a pattern using a grid pattern or a chessboard grid
pattern and performing interpolation based on a method for
measuring differences in illuminance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a 3D measurement
system according to a preferred embodiment of the present
invention;

FIGS. 2A and 2B are diagrams showing a 3D measurement
method using the 3D measurement system according to a
preferred embodiment of the present invention;

FIGS. 3A and 3B are diagrams illustrating a grid pattern or
a chessboard grid pattern according to a preferred embodi-
ment of the present invention;

FIG. 4 is a block diagram showing an operational device
according to a predetermined embodiment of the present
invention;

FIG. 5 is a diagram showing a distorted chessboard grid
pattern obtained due to the curvature of a target object and the
extraction of border lines;

FIG. 6 is a diagram showing the calculation of a final depth
value at a first position by averaging preliminary depth values
at the first position obtained from four base points;

FIG. 7 is a diagram illustrating a sequence for calculating
and integrating a surface gradient to a first position within a
single grid cell using a second operational unit; and
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FIG. 8 is a flowchart showing a 3D measurement method
according to a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

Hereinafter, a 3D measurement system and method there-
for according to embodiments of the present invention will be
described with reference to the attached drawings.

The following embodiments of the present invention are
merely intended to embody the present invention, and are not
intended to restrict or limit the scope of the present invention.
Contents that can be easily inferred by those skilled in the art
from the detailed description and embodiments of the present
invention are interpreted as being included in the scope of the
present invention.

The 3D measurement system and method therefor accord-
ing to the preferred embodiments of the present invention will
be described briefly below. First, after a grid pattern or a
chessboard pattern has been projected onto a target object, 3D
depth information is obtained from the distortion of the grid
pattern or the chessboard pattern. Next, the depth information
of inside of the grid pattern or the chessboard pattern is
obtained using a method for measuring differences in illumi-
nance. In other words, overall 3D information is obtained by
interpolating empty regions between pieces of depth infor-
mation, which are obtained from the grid pattern or the chess-
board pattern, with information obtained based on the illumi-
nance difference measurement method. In accordance with
the present invention, control may be performed such that
reliable results are exhibited using a pattern projection
method based on a grid or a chessboard so as to improve the
precision of the illuminance difference measurement method
and reduce accumulated errors.

First, FIG. 1 illustrates a block diagram showing a 3D
measurement system according to a preferred embodiment of
the present invention.

As can be seen in FIG. 1, the 3D measurement system
according to the preferred embodiment of the present inven-
tion includes a pattern projection device 100 for projecting a
predetermined pattern onto a target object, a lighting device
200 for applying a predetermined illuminance to the target
object, an imaging device 300 for capturing an image of the
target object, and an operational device 400 for calculating
3D coordinate values of the target object using the image
information acquired by the imaging device 300.

FIGS. 2A and 2B are diagrams showing a 3D measurement
method using the 3D measurement system according to a
predetermined embodiment of the present invention.

Ascanbe seen in FIG. 2A, in the 3D measurement method
using the 3D measurement system according to the present
invention, the pattern projection device 100 projects a pattern
onto a target object and then the imaging device 300 obtains
image information. Next, as can be seen in FIG. 2B, N light-
ing devices 2004, 2005, and 200c¢ are sequentially turned on,
and the imaging device 300 captures individual images, and
thus the imaging device 300 acquires N pieces of image
information having differences in illuminance. Finally, the
operational device 400 analyzes the pieces of acquired image
information.

FIGS. 3A and 3B are diagrams respectively showing a grid
pattern composed of lines and a chessboard grid pattern in
which the internal grid cells of a grid are alternately filled,
wherein the grid pattern or the chessboard grid pattern is to be
projected by the pattern projection device 100 according to a
preferred embodiment of the present invention.
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The lighting devices 200 according to the present invention
are installed at N different locations and allow the imaging
device 300 to capture pieces of luminance image information
from the N locations. In this case, the imaging device 300
according to the present invention may be implemented using
various cameras, such as a camera using a typical Charge
Coupled Device (CCD) or a camera using a Complementary
Metal-Oxide-Semiconductor (CMOS) image sensor or the
like. Pieces of image information of a target object acquired
by the imaging device 300 are sent to the operational device
400 and then 3D coordinate values of the target object are
finally calculated.

That is, the present invention acquires a single piece of
pattern image information by projecting the grid pattern or
the chessboard grid pattern onto the target object, and then
obtains a 3D depth value of the object from the vertical and
horizontal distortion of the pattern. The 3D coordinates cal-
culated from the 3D depth value correspond only to the border
lines of the grid pattern or the chessboard grid pattern. 3D
depth values within the grid pattern other than the border lines
are obtained using the measurement of differences in illumi-
nance. Such illuminance difference measurement is to
receive differences between illuminance values from N
pieces of image information, acquired by alternately turning
on light sources in N directions and capturing images of a
target object, and the surface incidence angle of light as input
values, obtain the gradients of the surface on a pixel basis,
integrate the gradients, and calculate 3D information of the
surface.

In detail, a method of calculating 3D coordinate values
using the operational device 400 according to a preferred
embodiment of the present invention will be described below.

FIG. 4 illustrates a block diagram showing the operational
device 400 according to a preferred embodiment of the
present invention. As can be seen in FIG. 4, the operational
device 400 according to the present invention includes a
coordinate value calculation unit 410 and a depth value cal-
culation unit 420.

First, the coordinate value calculation unit 410 calculates
3D coordinate values from pattern image information cap-
tured using a predetermined pattern. As shown in FIGS. 3A
and 3B, the predetermined pattern according to the preferred
embodiment of the present invention is a grid pattern com-
posed of lines, or a chessboard grid pattern in which the
internal grid cells of a grid are alternately filled.

The coordinate value calculation unit 410 according to the
present invention includes a line extraction unit 411 and a first
operational unit 412. The line extraction unit 411 extracts
border lines of a grid cell forming the predetermined pattern.
Further, the first operational unit 412 functions to calculate
the plane information values and depth value of the border
lines by analyzing the distortion of the border lines. Here, the
plane information values denote x and y coordinate values of
3D coordinate values, and the depth value denotes the z
coordinate value of the 3D coordinate values.

FIG. 5 illustrates diagrams individually showing a dis-
torted chessboard grid pattern obtained due to the curvature or
the like of a target object and the extraction of border lines.

The depth value calculation unit 420 according to the
present invention calculates a final depth value at a first posi-
tion within a single grid cell included in the predetermined
pattern from N pieces of illuminance image information cap-
tured by lighting devices 200 installed at N different loca-
tions.

A method of calculating a depth value using the depth value
calculation unit 420 according to the present invention will be
described below.
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If it is assumed that I is the amount of light obtained from
a sensor, r and I are the reflectivity of light and the unique
reflectivity of a target object, respectively, and then 0 is set as
the incidence angle of light with respect to the surface of the
target object, diffused reflection of light is given by the fol-
lowing Equation 1:

I=tl cos © [Equation 1]

If Equation 1 is rearranged and simplified, it is represented
by a unit vector formula of I=S-V. If it is assumed that N
lighting devices 200 are three lighting devices, an unknown
quantity is a surface gradient vector V=[v,, v,, v,] when I
denotes the respective amounts of light obtained from light
sources in three directions of I=i,, 1,, 1], and the incidence
angle configured from x-y-z directions of the light sources in
three directions is S=[(S,;, 8,1, 5.1); (Sx2 8,05 8.2); (5535 8,3,
s,3)]- Therefore, it can be seen that, if the incidence angle and
the amount of light are known, a surface gradient can be
obtained, and then surface height, that is, a depth value, can be
obtained by integrating the surface gradient.

The depth value calculation unit 420 according to the
present invention includes a second operational unit 421 and
a third operational unit 422.

The second operational unit 421 calculates preliminary
depth values at an arbitrary first position within a single grid
cell included in a predetermined pattern by calculating and
integrating surface gradients to the first position using difter-
ences between illuminance values of N pieces of illuminance
image information, with respect to M respective base points.
The third operational unit 422 calculates a final depth value at
the first position by averaging the M preliminary depth values
at the first position calculated by the second operational unit
421. Accordingly, it can be seen that errors can be further
reduced by calculating the final depth value using such an
average.

The M base points in the present invention are character-
ized in that they are arbitrary points forming the border lines
of the single grid cell included in the predetermined pattern.
More preferably, M base points are the vertices of the single
grid cell included in the predetermined pattern.

FIG. 6 is a diagram showing the calculation of a final depth
value at a first position by averaging preliminary depth values
at the first position obtained from four base points. That is, as
can be seen in FIG. 6, the 3D measurement system according
to the present invention calculates respective integrated val-
ues from the first to fourth base points and averages the four
integrated values.

FIG. 7 is a diagram illustrating a sequence for calculating
and integrating a surface gradient from a first base point to an
arbitrary first position within a single grid cell included in a
predetermined pattern using the second operational unit 421.
As can be seen in FIG. 7, a preliminary depth value at the first
position may be calculated by sequentially calculating and
integrating surface gradients from the first base point to the
first position on a pixel basis.

However, in the present invention, the final depth value at
the first position is calculated with improved precision by
calculating and averaging depth values with respect to a plu-
rality of base points rather than calculating a depth value with
respect to a single base point.

FIG. 8 is a flowchart showing a 3D measurement method
according to a predetermined embodiment of the present
invention. As can be seen in FIG. 8, the 3D measurement

10

15

20

30

35

40

45

50

55

60

6

method according to the preferred embodiment of the present
invention includes the coordinate value calculation step S100
of calculating 3D coordinate values from pattern image infor-
mation captured using a predetermined pattern, and the depth
value calculation step S200 of calculating a depth value at a
first position from N pieces of illuminance image information
captured using lighting devices 200 installed at N different
locations.

The coordinate value calculation step S100 according to
the present invention includes the step S110 of extracting the
border lines of a grid cell forming a predetermined pattern,
and the step S120 of calculating the plane information value
and the depth value of the border lines from the distortion of
the border lines.

The depth value calculation step S200 according to the
present invention preferably includes the step S210 of calcu-
lating preliminary depth values at an arbitrary first position
within a single grid cell included in the predetermined pattern
by calculating and integrating surface gradients to the first
position using differences between the illuminance values of
N pieces of illuminance image information, with respect to
the M respective base points, and calculating a final depth
value at the first position by averaging the M preliminary
depth values.

As described above, in accordance with the 3D measure-
ment system and method therefor according to the preferred
embodiments of the present invention, a 3D measurement
system and method therefor having improved precision can
be provided by projecting a pattern using a grid pattern or a
chessboard grid pattern and performing interpolation based
on a method for measuring differences in illuminance.

What is claimed is:
1. A three-dimensional (3D) measurement method com-
prising:
calculating 3D coordinate values from pattern image infor-
mation captured using a predetermined pattern; and

calculating a depth value at a first position from N pieces of
illuminance image information captured using lighting
devices installed at N different locations,

wherein calculating the coordinate values comprises:

extracting border lines of a grid cell forming the predeter-

mined pattern; and

calculating a depth value of the border lines from distortion

of the border lines.

2. The 3D measurement method of claim 1, wherein cal-
culating the depth value comprises calculating preliminary
depth values by calculating and integrating surface gradients
to the first position within a single grid cell included in the
predetermined pattern using differences between illuminance
values of the N pieces of illuminance image information, with
respect to M respective base points.

3. The 3D measurement method of claim 2, wherein cal-
culating the depth value further comprises calculating a final
depth value at the first position by averaging the M prelimi-
nary depth values.

4. The 3D measurement method of claim 3, wherein the M
base points are arbitrary points forming border lines of the
single grid cell included in the predetermined pattern.

5. The 3D measurement method of claim 3, wherein the M
base points are vertices of the single grid cell included in the
predetermined pattern.
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